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The ideal screening study that accurately defines
hemodynamically significant renal artery disease in
every individual does not currently exist. Proponents
of both functional screening studies and anatomic
studies cite excellent results in selected patient
groups.1 The frequent coexistence of renal excreto-
ry insufficiency (ie, ischemic nephropathy) and 
renovascular hypertension has prompted us to pur-
sue screening methods with minimal risk to residual
renal function.2 For these and other reasons, the
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Objective: The purpose of this study was to compare the accuracy of main renal artery
Doppler scanning interrogation and hilar analysis to diagnose hemodynamically signifi-
cant renal artery disease.
Methods: From January 1998 to August 1999, 41 patients had renal duplex sonography
with both main renal artery interrogation and hilar analysis followed by angiography.
They form the basis of this review. The sample consisted of 24 men and 17 women, with
a mean age of 68.9 ± 10.2 years, who provided 80 kidneys for comparative analysis.
Significant renal artery disease revealed through angiography was defined as ≥ 60%
diameter-reducing stenosis or occlusion. Peak systolic velocity (PSV) (in meters per sec-
ond) and the presence of poststenotic turbulence (PST) were determined from main
renal artery interrogation. Acceleration time (AT) (in milliseconds) was measured by
means of hilar analysis. Significant renal artery stenosis was defined by a PSV of 2.0 m/s
or more and a PST or an AT more than 100 ms. Sensitivity analyses of both PSV and
AT were examined, and 95% CIs were computed. Receiver operating characteristic curves
were used to estimate optimal values for PSV and AT.
Results: Angiography revealed hemodynamically significant fibromuscular dysplasia in 5
kidneys (4 patients), atherosclerotic stenosis ≥ 60% in 48 kidneys (30 patients), and renal
artery occlusion in 4 kidneys (4 patients). Kidneys with significant renal artery stenosis
had a higher PSV (2.54 ± 0.11 vs 1.28 ± 0.08, P < .001) and AT (82.43 ± 7.2 vs 30.0
± 2.8, P < .001) compared with those without stenosis. Compared with angiography, a
PSV of 2.0 m/s or more and PST demonstrated a sensitivity of 91%, specificity of 96%,
and overall accuracy of 92% for detection of significant renal artery stenosis. Two of five
studies with false-negative results reflected diseased polar vessels. By contrast, AT of
more than 100 ms had a sensitivity of 32%, specificity of 100%, and overall accuracy of
54%. Receiver operating characteristic curve analysis revealed a PSV of more than 1.8
m/s and an AT of 58 ms or greater as optimal values. With an AT of 58 ms or more,
the sensitivity was 58%, and specificity was 96%, with an overall accuracy of 70%. There
were no apparent associations between PSV or AT and type or location of renal artery
lesion, serum creatinine level, or end-diastolic ratio.
Conclusion: Main renal artery interrogation is an accurate screening test to detect signif-
icant stenosis or occlusion of the main renal artery. Hilar analysis alone does not provide
sufficient sensitivity to be used as a sole screening study. Neither method detects the pres-
ence of renovascular disease associated with polar vessels. (J Vasc Surg 2000;32:462-71.)
From the Division of Surgical Sciences, Department of General
Surgery, and the Department of Public Health Sciences, Wake
Forest University School of Medicine
Competition of interest: nil.
Presented at the Twenty-fourth Annual Meeting of the Southern
Association for Vascular Surgery, Tucson, Ariz, Jan 19-22,
2000.
Reprint requests: Kimberley J. Hansen, MD, Professor of Surgery,
Department of General Surgery, Wake Forest University School
of Medicine, Medical Center Boulevard, Winston-Salem, NC
27157-1095 (e-mail: kjhansen@wfubmc.edu).
Copyright © 2000 by The Society for Vascular Surgery and The
American Association for Vascular Surgery, a Chapter of the
International Society for Cardiovascular Surgery.
0741-5214/2000/$12.00 + 0 24/6/108643
doi:10.1067/mva.2000.108643
authors’ center has adopted renal duplex sonogra-
phy as the primary anatomic screening study for
renal artery disease.2
Similar to early reports by others, we have used
renal duplex sonography to obtain multiple esti-
mates of main renal artery flow velocity to define the
presence or absence of renal artery disease.2-4
Applied in this fashion, Doppler scanning interroga-
tion of renal vascular anatomy requires a high degree
of technical expertise for accurate results. Even cen-
ters with extensive experience with main renal artery
Doppler scanning interrogation report technical fail-
ure rates of up to 10%.3 Once it is mastered, howev-
er, renal duplex sonography, performed in this man-
ner, has demonstrated an overall accuracy of up to
96% for detecting hemodynamically significant dis-
ease of the main renal artery.2
Alternative methods of renal duplex sonography
have been suggested to reduce the technical demands
of renal artery evaluation. Specifically, acceleration time
(AT) obtained from spectral analysis of Doppler scan-
ning from renal hilar vessels has been advocated.5-7
Proponents have suggested that such hilar spectral
analysis, obtained by means of a flank approach, min-
imized the technical demands inherent to main renal
artery interrogation.7,8 If correct, hilar analysis could
be more widely adopted and could represent an
important screening method for renal artery disease.
The purpose of this study was to compare the
accuracy of hilar analysis with main renal artery
interrogation to define the presence or absence of
hemodynamically significant renal artery disease.
Specific areas of interest included (1) the practical
application of hilar analysis alone as a screening
study for renovascular disease and (2) the optimal
diagnostic parameters for both main renal artery
interrogation and hilar analysis determined by
receiver operating characteristic (ROC) curves.
METHODS
Patient population. From January 1998 to
August 1999, 1530 patients underwent renal duplex
sonography at our center. Inclusion criteria for this
report included patients who underwent both main
renal artery interrogation and hilar analysis, followed
by angiography. Patients with angiograms performed
outside of our institution were excluded to eliminate
variability in angiographic technique and interpre-
tation. A cohort of 41 patients meeting these criteria
was identified retrospectively and forms the basis for
this study. The 24 male and 17 female patients
ranged in age from 37 to 88 years (mean age, 68.9 ±
10.2 years). Thirty-eight patients (93%) gave a histo-
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ry of hypertension, 26 (63%) had a history of tobac-
co use, 12 (29%) had coronary artery disease, and 5
(12%) had diabetes. Renal insufficiency, defined as a
serum creatinine level of 1.8 mg/dL or more, was
present in 13 (32%) of the patients (range, 0.4-3.5
mg/dL; mean, 1.4 ± 0.7 mg/dL).
Technique of studies. Renal duplex sonography
was performed by one of three registered vascular
technologists with either an HDI 3000 or HDI
5000 Ultrasound System (Advanced Technology
Laboratory, Bothell, Wash) with a broad bandwidth,
curved array transducer (C4.2, C5.2), with an oper-
ating frequency range of 2 to 5 MHz and color flow
capability. Patients fasted overnight before the exam-
ination. Main renal artery interrogation was per-
formed as previously described.2 Briefly, the aorta
was identified in the sagittal plane at the level of the
origin of the superior mesenteric artery. The probe
was rotated 90 degrees, and each renal artery origin
was located. While an insonation angle of 60 degrees
or less was maintained, Doppler velocity waveforms
from real-time fast Fourier transform analysis were
obtained. Peak systolic velocity (PSV) was estimated
from 10 to 15 sites along both renal arteries from
the aortic origin to renal hilum. The presence of
poststenotic turbulence (PST) was noted. PST was
defined by the presence of focal, bidirectional
Doppler flow. Hilar analysis was performed by
means of a flank approach with the patient in left
and right decubitus positions. The same sonograph-
er performed both main renal artery interrogation
and hilar analysis.
For main renal artery interrogation, duplex scan-
ning criteria for significant renal artery disease (≥ 60
diameter-reducing renal artery stenosis) were
defined as a PSV of 2.0 m/s or more and the pres-
ence of PST.2 Renal artery occlusion was defined
with absent Doppler-shifted signals from an imaged
Fig 1. AT (in milliseconds) is measured on the spectrum
analysis of the Doppler-shifted waveform from the start of
systolic uprise to the first PSV.
renal artery (Table I). The AT was calculated from
the hilar waveform as the time (in milliseconds) from
the start of the systolic uprise to the point of initial
peak systolic deflection of the Doppler scan velocity
waveform (Fig 1).9 Significant renal artery stenosis
was defined with an AT of more than 100 ms (Table
I).6
Conventional angiography was obtained in each
patient. The number, location, and patency of all
renal arteries were noted. The presence of either
atherosclerotic or fibromuscular dysplasia (FMD)
was noted as was the location of these lesions. The
point of greatest diameter stenosis was measured,
compared with the normal renal arterial diameter.
The degree of stenosis was determined by a radiolo-
gist and a surgeon independently. A third reviewer
adjudicated estimated percent stenosis when inter-
observer estimates exceeded 10%. With angiography,
hemodynamically significant atherosclerotic renal
artery disease was defined as a ≥ 60% diameter-
reducing stenosis or renal artery occlusion.
Hemodynamically significant FMD was implied
from poststenotic dilation, the presence of collateral
circulation, or both.
Statistical methods. Summary statistics (ie,
means and SDs of continuous data, and frequencies
and relative frequencies of categoric data) were cal-
culated for both patient-based parameters (eg, age,
serum creatinine level) and kidney-based parameters
(eg, renal artery PSV, end-diastolic ratio [EDR],
presence of critical stenoses). Comparison of mean
PSV, AT, and EDR among kidneys with and without
hemodynamically significant renal artery disease was
performed with maximum-likelihood repeated-
measures analysis of variance with compound-
symmetric covariance structures.10 In these models,
the natural log transformation of PSV, AT, and EDR
was used to normalize each variable and meet model
assumptions. Similar analyses were performed to
evaluate the effects of lesion location or renal func-
tion on PSV and AT. Evaluation of the predictive
utility of PSV versus AT for diagnosis of significant
renal artery disease was performed by examining
ROC curves with angiography as the gold standard.
Sensitivity analyses of both PSV and AT were exam-
ined, and 95% CIs for kidney-based diagnosis of crit-
ical stenosis were computed.
RESULTS
Among 41 patients studied, one patient had a
prior unilateral nephrectomy, and complete renal
duplex scanning data were unavailable for one kid-
ney, which provided a total of 80 kidneys for com-
parative analysis. Angiograms were completed at a
median of 24 days after renal duplex sonography
(range, 1-158 days). Angiograms demonstrated sig-
nificant renal artery disease in 57 of 81 kidneys, for
an overall prevalence of 70%. Hemodynamically sig-
nificant FMD was present in 5 kidneys (4 patients),
atherosclerotic stenosis ≥ 60% was present in 48 kid-
neys (30 patients), and renal artery occlusion was
present in 4 kidneys (4 patients). Angiography iden-
tified multiple arteries to 10 kidneys in eight
patients. There were three patients without signifi-
cant renal artery disease and 20 patients with bilat-
eral disease, including one patient with significant
disease to a solitary kidney. Main renal artery duplex
interrogation of one kidney was deemed technically
inadequate, whereas hilar analysis was unsuccessful
in two kidneys, which resulted in technical failure
rates of 1.2% and 2.5%, respectively.
Kidneys with < 60% diameter stenosis had a
mean PSV of 1.28 ± 0.08 m/s (SE) and mean AT of
30.0 ± 2.8 ms (SE). Kidneys with ≥ 60% stenosis had
JOURNAL OF VASCULAR SURGERY
464 Motew et al September 2000
Table I. Renal duplex sonography criteria for renovascular disease
Renal artery disease Main renal artery criteria Hilar criteria
< 60% stenosis PSV from main renal artery < 2.0 m/s, no PST Hilar vessel AT ≤ 100 ms
≥ 60% stenosis PSV from main renal artery ≥ 2.0 m/s, and PST Hilar vessel AT > 100 ms
Occlusion No Doppler-shifted signal from renal artery image
Inadequate study for interpretation Failure to obtain Doppler scanning sample from Failure to obtain Doppler 
entire main renal artery scanning sample from 
renal hilum
Table II. Comparison of values between kidneys
with and without ≥ 60% diameter-reducing stenosis
Parameter < 60% stenosis* ≥ 60% stenosis* P value
PSV (m/s) 1.28 ± 0.08 2.54 ± 0.11 < .001
AT (ms) 30.0 ± 2.8 82.4 ± 7.2 < .001
EDR 0.25 ± 0.02 0.24 ± 0.01 .60
*Values are mean ± SE.
AT, Acceleration time; EDR, end-diastolic ratio–main renal
artery; PSV, peak systolic velocity. 
a mean PSV of 2.54 ± 0.11 m/s (SE) and mean AT
of 82.4 ± 7.2 ms (SE). Both PSV and AT were sig-
nificantly higher in kidneys with ≥ 60% stenosis com-
pared with those < 60% (Table II, Fig 2). The EDRs
(end-diastolic velocity/PSV) from main renal vessels
were not significantly different in kidneys with and
without ≥ 60% stenosis (Table II). The type and
location of disease or level of serum creatinine had
no significant effect on either PSV or AT.
Compared with angiography, main renal artery
interrogation had a sensitivity of 91%, a specificity of
96%, and an accuracy of 92% for detecting hemody-
namically significant renal artery stenosis or occlu-
sion (Table III). Specifically, main renal artery inter-
rogation correctly identified 24 of 25 kidneys with 
< 60% stenosis, 47 of 51 kidneys with ≥ 60% steno-
sis, and 3 of 4 occluded renal arteries. There were
five examinations with false-negative results, of
JOURNAL OF VASCULAR SURGERY
Volume 32, Number 3 Motew et al 465
Fig 2. Scatter plot of AT versus PSV. AT (y-axis) in milliseconds, PSV (x-axis) in meters per second.
Open circles denote < 60% renal artery stenosis; closed circles denote ≥ 60% renal artery stenosis by com-
parative angiography.
Table III. Comparative analysis of parameter estimates and their 95% CIs
Criteria Measure Estimate 95% CI
PSV ≥ 2.0 m/s and PST or occlusion Sensitivity 0.91 (0.84, 0.99)
Specificity 0.96 (0.88, 1.0)
PPV 0.98 (0.94, 1.0)
NPV 0.83 (0.70, 0.98)
Accuracy 0.92 (0.86, 0.98)
AT > 100 ms Sensitivity 0.32 (0.21, 0.48)
Specificity 1.0 *
PPV 1.0 *
NPV 0.41 (0.30, 0.56)
Accuracy 0.54 (0.44, 0.66)
*95% CI inestimable.
AT, Acceleration time; NPV, negative predictive value; PPV, positive predictive value; PST, poststenotic turbulence; PSV, peak systolic
velocity.
which two reflected significant disease associated
with polar vessels. By contrast, hilar analysis, with an
AT of more than 100 ms had a sensitivity of 32%, a
specificity of 100%, and an overall accuracy of 54%
(Table III). Although hilar analysis failed to specifi-
cally identify any occluded renal arteries, one of
these kidneys was characterized as “diseased” on the
basis of an AT more than 100 ms. Additionally, hilar
analysis did not identify any diseased accessory renal
arteries. The combination of main renal artery and
hilar criteria did not improve the parameter esti-
mates of main renal artery interrogation alone.
When kidneys with multiple arteries were
excluded, the sensitivity, specificity, and accuracy for
main renal artery interrogation increased to 93%,
100%, and 96%, respectively. For hilar analysis, the
exclusion of kidneys with multiple arteries resulted
in a sensitivity of 39%, a specificity of 100%, and an
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Fig 3. ROC curve: sensitivity (y-axis) rate versus false-positive rate (x-axis) for PSV. The value for PSV
that maximizes sensitivity and specificity is 1.8 m/s.
Table IV. Comparative analysis of optimal parameter estimates derived from ROC curves and their 95% CIs
Criteria Measure Estimate 95% CI
PSV > 1.8 m/s and PST or occlusion Sensitivity 0.94 (0.88, 1.0)
Specificity 0.88 (0.76, 1.0)
PPV 0.94 (0.88, 1.0)
NPV 0.88 (0.76, 1.0)
Accuracy 0.92 (0.86, 0.98)
AT ≥ 58 ms Sensitivity 0.58 (0.46, 0.73)
Specificity 0.96 (0.88, 1.0)
PPV 0.97 (0.91, 1.0)
NPV 0.52 (0.39, 0.69)
Accuracy 0.70 (0.60, 0.81)
AT, Acceleration time; NPV, negative predictive value; PPV, positive predictive value; PST, poststenotic turbulence; PSV, peak systolic
velocity; ROC, receiver operating characteristic.
overall accuracy of 59%. When a patient was consid-
ered positive when one or more renal arteries
demonstrated significant disease, the main renal
artery interrogation had a sensitivity of 97%, a speci-
ficity of 100%, and an overall accuracy of 98%,
whereas hilar analysis had a sensitivity of 39%, a
specificity of 100%, and an overall accuracy of 44%.
Main renal artery interrogation correctly classified
five of five kidneys with FMD as diseased, whereas
hilar analysis detected only two of the five. There
were no additional duplex scanning characteristics
that distinguished FMD from atherosclerotic occlu-
sive disease.
ROC curves were generated for PSV and AT to
identify the values that maximize sensitivity and
specificity (Figs 3 and 4). These values were 1.8 m/s
and 58 ms for PSV and AT, respectively. Applying
these criteria for main renal artery interrogation and
hilar analysis resulted in an overall accuracy of 92%
and 70%, respectively (Table IV).
DISCUSSION
We compared main renal artery Doppler interro-
gation with renal hilar analysis to diagnosis signifi-
cant renal artery disease with renal duplex sonogra-
phy. The use of a PSV of 2.0 m/s or more and the
presence of PST resulted in a sensitivity of 91%, a
specificity of 96%, and an overall accuracy of 92% for
determining significant renal artery disease when
compared with angiography. By contrast, hilar analy-
sis provided high specificity but low sensitivity. With
an AT of more than 100 ms, a sensitivity and spe-
cificity of 32% and 100%, respectively, were
obtained. An ROC curve analysis of AT, with the use
of an optimal value of 58 ms or more, improved the
sensitivity to 58%. With either criterion, renal hilar
analysis by means of a flank approach failed to match
the overall accuracy of main renal artery interroga-
tion in the identification of the presence or absence
of significant renal artery disease.
Others have suggested limitations of AT as an
indicator of significant renal artery disease. House et
al11 recently determined optimal values for both
hilar analysis and main renal artery interrogation in
63 patients undergoing both renal duplex sonogra-
phy and angiography. Results from their ROC curve
analysis determined that an AT of more than 70 ms
resulted in a sensitivity of 41% and a specificity of
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Fig 4. ROC curve: sensitivity (y-axis) rate versus false-positive rate (x-axis) for AT. The value for AT
that maximizes sensitivity and specificity is 58 ms or more.
85%. Furthermore, a PSV of more than 1.8 m/s,
determined by means of an ROC curve analysis, was
optimal for determining a stenosis ≥ 60% through a
main renal artery interrogation. These values are in
agreement with those obtained in the current study.
The low sensitivity of AT for the detection of sig-
nificant renal artery disease represents a major limi-
tation to the use of hilar analysis as a sole screening
examination. Nazzal et al6 examined 114 patients
referred for suspected renovascular hypertension. All
patients underwent both hilar analysis and angiogra-
phy. An AT of more than 100 ms was chosen to
define hemodynamically significant disease, which
was defined as a > 50% diameter-reducing renal
artery stenosis. By these criteria, this group reported
a sensitivity of 63% and a specificity of 98% citing a
rate of false-negative examinations observed in the
present study.
The unacceptable rate of studies with false-nega-
tive results based on hilar analysis alone may have
multiple sources. The presence of increased renovas-
cular resistance associated with significant renal
parenchymal disease has been implicated as a poten-
tial cause of examinations with false-negative
results.5,6,8 In addition, intrinsic properties of the
vessel wall may affect poststenotic waveform behav-
ior. In an elegant physiologic model created by Bude
et al,12 the poststenotic vessel compliance related
directly to the degree of pulse wave degradation in a
pulsatile flow system with graded proximal stenoses.
Thus, expected poststenotic systolic delay would be
diminished in a patient with decreased renal arterial
compliance. Additionally, unpublished data from
our animal laboratory demonstrated that the wave-
form from the Doppler spectral analysis changed
with increasing distance between the Doppler sam-
ple volume and the stenosis. Specifically, as one 
traveled more distal to the renal artery stenosis, the
waveform resumed a prestenotic configuration with
no evidence of systolic delay. In addition, when the
renal parenchymal resistance was increased with
microsphere embolization, the delay in systolic rise
associated with any graded stenosis was diminished.
Thus, in cases of isolated proximal renal artery
stenosis, hilar analysis may not accurately reflect
spectral waveforms obtained in proximity to the
lesion.
Both main renal artery duplex sonography and
hilar analysis fail to identify renovascular disease 
associated with multiple or polar renal arteries. Of 10
polar vessels present in this patient group, only one
was identified. Additionally, two of five examinations
with false-negative results with main renal artery
interrogation occurred in kidneys with multiple
arteries. The relevance of this limitation relates to the
clinical indication for renal artery screening. When
renal duplex sonography is used to search for a reno-
vascular etiology for renal insufficiency, a study with
a negative result effectively excludes ischemic
nephropathy. In this instance the concern is for a
high-grade main renal artery stenosis or occlusion,
usually to both kidneys. Alternatively, when renal
duplex sonography is used to search for a correctable
cause of hypertension, a study with a negative result
does not exclude renovascular hypertension due to
branch or polar vessel disease. In such an instance, we
may proceed to angiography in the face of a negative
renal duplex sonography, especially in a child or
young adult in search of this disease.
Although other parameters, such as renal:aorta
PSV ratio, have shown diagnostic value for detection
of significant renovascular disease, we rely primarily
on PSV in combination with PST to determine the
presence or absence of significant renal artery steno-
sis.2,3 Previous analysis demonstrated that the
strength of the relationship between renal:aorta PSV
ratio and renovascular disease was due entirely to
PSV.3 In addition, the potential variability of peak
aortic velocity may confound such measurements.
Moreover, the initial criterion of a PSV of 2.0 m/s
or more for detection of significant renovascular dis-
ease was determined from a patient cohort with a
disease prevalence of 40% with most diseased kid-
neys having a > 80% diameter-reducing stenosis. The
current cohort exhibited a disease prevalence of 70%
per kidney, which prompted a reevaluation of diag-
nostic criteria with ROC analysis. Although the opti-
mal value for PSV was more than 1.8 m/s in this
study, the overall accuracy was equivalent to the pre-
vious criterion of 2.0 m/s or more and may reflect
the differing severity of disease.
Finally, the influence of selection bias in this ret-
rospective report must be considered. Patients were
selected for comparison when an angiogram was
obtained after renal duplex sonography. This selec-
tion bias likely contributed to the high prevalence of
disease (93% of patients) in this study cohort. This
high disease prevalence would favor the high rate of
examinations with false-negative results observed
with hilar analysis. Conversely, because main renal
artery interrogation prompted many of these com-
parative angiograms, this bias would favor increased
studies with false-positive results by this technique.
In this regard, the positive predictive value of main
renal artery interrogation was 98% in keeping with
our previously published prospective experience.2
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Despite these limitations, we continue to recom-
mend renal duplex sonography with main renal
artery interrogation as the initial study of choice to
determine the presence or absence of hemodynami-
cally significant renal artery disease. Although criteria
described here have demonstrated excellent overall
accuracy, critical values for PSV should be deter-
mined for each noninvasive laboratory. The clinical
value of hilar analysis and AT may rely on its 97% pos-
itive predictive value. Although hilar analysis does
not exclude the presence of significant disease, the
presence of an AT of 58 ms or more was almost uni-
formly associated with significant renal artery steno-
sis or occlusion. Consequently, an AT of 58 ms or
more may be best considered an adjunct to define the
presence of significant renal artery disease in cases
where main renal artery interrogation is technically
inadequate.
In summary, main renal artery duplex interroga-
tion is useful as a screening study for ≥ 60% stenosis
and main renal artery occlusion. By contrast, hilar
analysis does not demonstrate sufficient accuracy to
serve as a sole screening examination for significant
renal artery disease. However, in our cohort an ele-
vated AT of 58 ms or more strongly suggests the
presence of significant renal artery disease. Neither
main renal artery interrogation nor hilar analysis
accurately identifies polar vessel disease that may
contribute to hypertension.
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DISCUSSION
Dr John Eidt (Little Rock, Ark). The authors, Dr
Motew and his colleagues, from Wake Forest have contin-
ued their quest for the vascular Holy Grail: an accurate,
nontoxic, inexpensive, reproducible screening test for 
renovascular disease. Based on the data that they present-
ed today, I am not sure that they found the answer. 
What do we know for sure? We know for sure that Dr
Hansen and Dr Motew and his colleagues have successful-
ly educated their referring physicians. In the manuscript,
they say that they have managed to screen over 1500
patients for renovascular disease in about a year and a half.
I think that is a pretty remarkable number and is some-
thing that is a lesson for all of us locally. I know we do not
do nearly as effective a job as that. 
Second, I think we know that if the renal artery can be
adequately imaged, that a peak systolic velocity that is in
excess of 1.8 to 2 m/s is a highly reliable indicator of a sig-
nificant stenosis. I must say that I basically agree with the
authors’ hypothesis and conclusion that hilar analysis does
not really appear to increase this accuracy. In particular, it
does not appear to increase the sensitivity, which is the
main measure of a screening test. 
We did a study back in 1988 published in JVS looking at
postoperative use of duplex scan to follow renal artery recon-
structions, and while at the time I had not specifically calcu-
lated sensitivity and specificity for acceleration time only, I
went back and did that in response to this paper. Our calcu-
lated sensitivity was only 67%, which really does not suffice
as a screening test, so I give the authors their hypothesis that
the hilar analysis does not add much to renal artery duplex.
I am still concerned that renal artery duplex is not
accurate enough to be an effective screening tool in a large
population. Even in the best of hands, the main renal
artery cannot always be imaged because of a variety of
technical problems, mostly related to bowel gas and body
habitus. Furthermore, multiple renal arteries are present in
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approximately 10% of the population, and you just cannot
detect what you cannot insonate. So I am not sure that
main renal artery duplex is the answer. 
I have a couple of questions that I wanted to discuss.
The authors have stated that they used the combination of
increased renal artery velocity with poststenotic turbu-
lence to determine the presence of a stenosis in the main
renal artery. Obviously, the detection of poststenotic tur-
bulence is actually a pretty observer-dependent subjective
interpretation. Attempts to quantify poststenotic turbu-
lence have not always been successful. I wondered in their
cases, did they have significant numbers of cases where the
velocity measures were not elevated but poststenotic tur-
bulence was present or vice versa? In what number of cases
was poststenotic turbulence the main factor used to iden-
tify the presence of renal artery stenosis? 
Second is the issue of the selection in this population.
As I understand it, there were only 41 patients who had all
three tests, that is, main renal artery duplex, hilar analysis,
and arteriography, and only three of those 41 patients
were actually free of disease, which means that there was
an overall prevalence in this population of 93%. Any
screening test will have a high positive predictive value in
a population with high prevalence. In 1500 patients with
a sensitivity of 91%, are you really missing 135 patients
that have renal artery disease? 
Finally, you make the point in your manuscript that in
patients who have renovascular hypertension it is essential
to be able to detect polar vessels and smaller vessels rather
than the main renal arteries, but in patients in whom your
primary interest is preservation of renal function, your
main interest is detecting bilateral or significant main renal
artery disease. Do you really rely on duplex in patients
whom you suspect have renovascular hypertension, or
don’t you just get an arteriogram anyway regardless of
what the duplex results show?
My sense is that for patients who have suspected 
renovascular hypertension, most patients should get an
arteriogram regardless of duplex results, and it is only in
the subpopulation of patients in whom renal preservation
is the primary indication for intervention where duplex
scan may play a reasonable screening role.
I congratulate you on a very nice presentation and
paper, and I appreciate you sending me the manuscript in
advance of the meeting. Thank you.
Dr Stephen Motew. Thank you, Dr Eidt, for your com-
ments, which I will be happy to address.
Your first question inquired about our use of the combi-
nation of peak systolic velocity and poststenotic turbulence.
As you pointed out the measurement or the identification of
poststenotic turbulence does rely on some degree of subjec-
tive analysis. Specifically, we define poststenotic turbulence as
a characteristic, abnormal, bidirectional spectral waveform
that is distal to a focal increase in peak systolic velocity, so
indeed it depends both on focality and the presence of this
turbulent flow. The experience with our technologists has
been extraordinarily good as far as their ability to detect post-
stenotic turbulence. 
The combination of these parameters allows us to
accurately diagnose the occasional patient, particularly
children or patients with solitary kidneys who may have a
physiologic nonfocal elevation of peak systolic velocity
without poststenotic turbulence. 
In addition, you asked whether there were any patients
whom we classified on poststenotic turbulence alone, and
the answer to that question is no. However, there arise sit-
uations, and in this study it occurred in eight kidneys in six
patients, where primarily because of body habitus in the
obese patient, the depth of insonation and limitations of
pulse repetition frequency of the probes do not allow an
adequate or accurate determination of a specific peak sys-
tolic velocity. However, analysis of these waveforms clearly
demonstrates that the velocities are greater than 2 m/s,
which is our criterion. Therefore, the combination of post-
stenotic turbulence and these alias waveforms allows us to
classify these patients as being diseased.
Your second question regarding the effectiveness of
renal duplex sonography as a screening examination brings
up several important points particular to this cohort and
screening studies in general. Of our large experience, we
have a relatively select cohort with a disease prevalence, as
Dr Eidt pointed out, of 93%. Based on this, one has to
temper the comparative analysis to the group that is being
explored. In addition, one would expect in a broad screen-
ing situation or in the 1500 patients who might have been
referred during that period that the incidence will be
lower. That would tend to increase negative predictive
value and cause a relative decrease in the false-negative
examinations, which should improve on sensitivity.
However, the comparative analysis needs to be performed
within the entire screening population to directly answer
that question. Fortunately we have recently completed a
large community-based screening evaluation, and we are
eagerly awaiting the analysis of those data. 
Your final question revolves around our clinical indi-
cations for obtaining renal duplex sonography. When one
tries to diagnose the patient with ischemic nephropathy,
the presence of a negative renal duplex study effectively
rules out this diagnosis as we are looking for global main
renal artery disease. The presence of diseased or stenotic
polar vessels would unlikely contribute significantly to
ischemic nephropathy. As you further pointed out, and we
agree, limitations to main renal artery analysis certainly
revolve around its continued inability to adequately image
polar vessels. To answer your question if we really rely on
duplex for renovascular hypertension, the answer is we rely
on it heavily. However, in specific situations, primarily
children or young adults, the presence of a negative
duplex examination will still prompt us to work up this
patient further.
Dr Ali F. AbuRahma (Charleston, WVa). I am curious:
did you analyze your data using the more frequently used
criteria (ie, a peak systolic velocity of 180 cm/s with a
renal aortic ratio over 31⁄2) to signify 60% stenosis?
The second question is, it looked like you used
Ultramark 9, which is almost 10 years old. I am curious
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whether you have used the Ultramark 3000 or even the
5000. Would the acceleration time be more accurately
done because it really gives you much better imaging?
Dr Motew. I will answer your last question first. The
majority of the studies were performed on the 5000, which
does allow us to obtain accurate measurements of acceler-
ation time. We feel that one of the limitations with mea-
surement of hilar parameters, however, is actually its prob-
lems with reproducibility as has been previously published. 
Your initial question raises a very important point
actually. We have determined within our patient cohort
and with our selection criteria that the peak systolic veloc-
ity value of 2.0 m/s gives us adequate discriminatory diag-
nostic ability for detection of significant renal artery dis-
ease. Your point regarding renal aortic ratios, however, is
well taken. Certainly, as has been well established by the
University of Washington group over a long period of
time, adequate diagnostic discrimination can be obtained
with the use of renal aortic ratios. We, however, specifical-
ly addressed this question in this forum in 1990 in a paper
published by Dr Hansen and others. The assumption with
renal aortic ratio is that there is a significant association
between aortic velocity and main renal artery velocity. We
indeed analyzed this and found no statistical association
between these two parameters. In addition, aortic velocity
can be quite variable, especially when following a single
patient over time. Therefore, we rely primarily on the
main renal artery parameter of peak systolic velocity.
Dr Mellick Sykes (San Antonio, Tex). Do you use your
resistive indices calculating peak systolic and diastolic
velocities and renal size as well in your evaluation?
Dr Motew. We do collect that information certainly,
and I think those data harken to Dr Eidt’s term of the
Holy Grail, which is the ability to use additional parame-
ters obtained from main renal artery waveform analysis to
diagnose or predict the outcome of surgery for ischemic
nephropathy. Unfortunately, we have been unable to cor-
relate renal end-diastolic ratios, end-diastolic velocities,
and other parameters with outcome in the ischemic
nephropathy group. As it is, currently, we are undergoing
detailed mathematical waveform analysis using Laplace
Transform Analysis, which allows one to separate the mul-
tiple factors involved with main renal artery blood flow
such as vessel compliance, distal resistance, and degree of
proximal stenosis, and hopefully, such analysis will harbor
some additional diagnostic ability.
